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METHOD AND APPARATUS FOR PROVIDING 
IMPROVED ANTENNA BANDWIDTH 

TECHNICAL FIELD 

[0001] This invention relates in general to the ?eld of 
radio communications and more speci?cally to a method and 
apparatus for providing improved antenna bandWidth. 

BACKGROUND 

[0002] In recent years, due to styling and other marketing 
considerations, radio communication devices such as cellu 
lar telephones With metalliZed housing have started to 
appear in the marketplace. Typically, these cellular tele 
phones are equipped With internal antennas, or external 
retractable antennas. When a ?xed external antenna (some 
times referred to as a “stubby”) is used With a cellular 
telephone that has a metalliZed housing, antenna operation 
suffers from narroW or reduced impedance bandWidth. This 
is a major problem in today’s marketplace, Where cellular 
telephone antennas need to have broad bandWidths given the 
multiple air interfaces that they are typically required to 
operate in. The majority of multi-band cellular telephones 
operate using air interfaces near 900 Mega HertZ (MHZ) 
(e.g., GSM, NADC, US-CDMA) and 1850 MHZ (e.g., DCS, 
PCS). This leads to a dual-resonant consideration With broad 
resonances at both the loWer and higher frequencies to 
account for the multiple operating frequency bands. The 
helix and Whip antenna con?guration With sWitched imped 
ance netWorks is Well suited to provide such dual-band 
performance. HoWever, in the presence of a metal or met 
alliZed housing, the bandWidth at both resonances may not 
be suf?cient to handle the multiple air interfaces. 

[0003] MetalliZed housings for “?ip-phones” (cellular 
telephones having a foldable section) have been receiving 
attention both as a customer preference due to their small 
siZes, as Well as an effective means to increase radiation 
ef?ciency. So it seems the trend in the marketplace is for 
more radio telephones having conductive metalliZed hous 
ings. Given the problems mentioned above, a need exists in 
the marketplace for a method and apparatus that can help 
improve the antenna impedance bandWidth of radios utiliZ 
ing metalliZed housings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The features of the present invention, Which are 
believed to be novel, are set forth With particularity in the 
appended claims. The invention may best be understood by 
reference to the folloWing description, taken in conjunction 
With the accompanying draWings, in the several ?gures of 
Which like reference numerals identify like elements, and in 
Which: 

[0005] FIG. 1 shoWs an illustration of a radio telephone in 
accordance With an embodiment of the invention. 

[0006] FIG. 2 shoWs an illustration of the slot used in the 
radio telephone shoWn in FIG. 1. 

[0007] FIG. 3 shoWs a graph highlighting measured return 
loss versus frequency for different slot heights for the slot 
used in the radio telephone shoWn in FIG. 1. 

[0008] FIG. 4 shoWs an illustration of a radio telephone in 
accordance With another embodiment of the invention. 
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[0009] FIG. 5 shoWs an illustration of the slot used in the 
radio telephone shoWn in FIG. 4. 

[0010] FIG. 6 shoWs a graph highlighting measured return 
loss versus frequency for different slot extension lengths for 
the slot used in the radio telephone shoWn in FIG. 4. 

[0011] FIG. 7 shoWs an illustration of a radio telephone 
having an L-like slot in accordance With another embodi 
ment of the invention. 

[0012] FIG. 8 shoWs an illustration of the slot used in the 
radio telephone shoWn in FIG. 7. 

[0013] FIG. 9 shoWs a graph highlighting measured return 
loss versus frequency for different “h2” slot heights for the 
slot used in the radio telephone shoWn in FIG. 7. 

[0014] FIG. 10 shoWs a graph highlighting return loss 
versus frequency for a radio having an “L” slot and a ?ip. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0015] While the speci?cation concludes With claims 
de?ning the features of the invention that are regarded as 
novel, it is believed that the invention Will be better under 
stood from a consideration of the folloWing description in 
conjunction With the draWing ?gures. 

[0016] The reason that some cellular telephones having 
grounded metalliZed housings and that use ?xed external 
antenna exhibit narroW bandWidths is that they excite strong 
currents in their conductive metal housings. These currents 
?oW through the housing and distribute themselves in such 
a Way that the housing acts almost as a dipole antenna. 

[0017] In accordance With an embodiment of the present 
invention, a slot in the housing is provided that forces the 
current distribution in the metalliZed housing to folloW 
different paths, or different lengths. The differences in length 
of the current distribution caused by the slot in the metal 
housing of the radio results in broader bandWidth operation 
for the radio. 

[0018] Referring noW to FIG. 1, there is shoWn a cellular 
telephone such as a “?ip-phone” having a metalliZed hous 
ing comprising a ?rst section 102 and a ?ip section 104. The 
metalliZed housing can be a housing made of metal or a 
non-metal housing that has been coated With a conductive 
metalliZed material, etc. The ?ip section 104 of the housing 
can be placed in a closed or open position. When in the open 
position, the ?ip section 104 extends the overall length of the 
metalliZed radio housing formed by sections 102 and 104. 
An antenna or antenna assembly 106 is electrically coupled 
to the metalliZed housing With the metalliZed housing acting 
as a ground plane for the antenna. In accordance With one 
embodiment of the invention, the ?ip section 104 includes 
an “L” slot 108 that is cut into the ?ip section 104 of the 
radio telephone 100. 

[0019] The large density of surface currents that occur on 
the metalliZed (conductive) housing, forces the consider 
ation of the housing as an integral portion of the antenna 
assembly. By cutting a slot(s) into the ?ip section 104, 
multiple electrical paths can be created for the surface 
currents to folloW; hence multiple resonances can be intro 
duced. 
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[0020] For the invention, a fully parameteriZed model of a 
?ip-phone Was developed for simulation study using elec 
tromagnetic solver software. The radio model used for the 
study comprised a metal housing and an antenna assembly. 
The metal housing utiliZed a ?ip section that opened and 
closed to various degrees. The antenna assembly used in the 
simulations comprised a conventional helix and Whip com 
bination, surrounded by a material over mold, and Was 
driven against the grounded metal housing. The helix Was 
tuned to resonate at 850 MHZ While the Whip generated a 
broad resonance at 2.2 Giga-HertZ (GHZ), bene?ting from 
the second harmonic resonance of the helix. Note that 
although a helix/Whip antenna assembly has been described 
here, the performance of other antenna assemblies Will also 
bene?t from the use of a slot in accordance With the 
invention. 

[0021] In FIG. 2, there is shoWn a diagram of slot 108. 
Slot 108 has a height “h”, a short arm length “W” and a slot 
Width “t”. The initial modeling effort to determine the 
potential antenna bandWidth improvement by means of 
cutting slots into the phone ?ip section 104 incorporated an 
inverted “L” shaped slot 108. This slot geometry provides 
tWo electrical paths for the surface currents on the ?ip to 
folloW, as indicated by L1 and L2 in FIG. 2. 

[0022] The parameters L1 and L2 provide resonances at 
frequencies f1 and f2. L2, being the longer path, is chosen 
to contribute to the loW band resonance and likewise, L1, 
being the shorter current path, contributes to the high band 
resonance. As L1 is reduced, L2, Which is dependent on L1, 
also is reduced and as a result f1 and f2 groW proportionally 
larger. 
[0023] A simpli?ed model of a ?ip-phone Was made to 
include a parameteriZed 90-degree cut-out (L-shaped slot) 
108 from the metal ?ip 104. Adesign-of-experiments (DOE) 
Was constructed for a parameter sWeep simulation using the 
electromagnetic solver softWare. The slot Was speci?ed as 
having 3 mm in thickness, t, and had short arm length, W, and 
long arm length, h, chosen as sWept parameters. First, the 
parameter h Was varied from 30 mm to 70 mm While W Was 
held constant at 25 mm. 

[0024] In FIG. 3, an overlay of the return loss pro?les for 
the various cases (509 source impedance is used) is illus 
trated. As experimental data indicates that the bandWidth 
challenge is predominantly near the 900 MHZ band for ?ip 
phones, the focus of the simulations conducted Were near 
this frequency range. 
[0025] In the case Where no slot (e.g., L-shaped slot 108) 
is provided on the metalliZed housing, shoWn by graph line 
302, a nominal resonance of 1 dB is found at 800 MHZ. As 
the long arm length, h is increased from 30 mm to 50 mm 
the resonance moves to 850 MHZ and dips to 11 dB at the 
resonance. Graph line 304 highlights the result using a slot 
height, h, of 30 mm, graph line 306 shoWs the result With h 
set at 40 mm and graph line 308 shoWs the result With h set 
at 50 mm. As, h, is increased from 50 mm to 70 mm, L1 and 
L2 begin to more closely resemble the electrical length of 
the ?ip Without the slot and, as expected, the return loss 
pro?le begins to more closely resemble the nominal, no-slot 
case. Graph line 310 shoWs the results When h is set at 60 
mm, and ?nally, graph line 312 shoWs the results for h set 
at 70 mm. 

[0026] Aparameter sWeep Was also run on the right-angle 
slot varying both the Width and the height of the “L” shaped 
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slot. A 25 millimeter Width and 50 mm height Was 
determined to be an optimal geometry With the given 
antenna location and a slot Width of 3 mm. With the optimal 
slot included, the return loss pro?le demonstrates approxi 
mately a —11 dB resonance at 850 MHZ. These initial results 
indicate an appreciable bandWidth improvement When using 
a right angle slot to create dual current paths on the ?ip as 
compared to using no slot on the radio housing. 

[0027] Referring noW to FIG. 4, there is shoWn another 
embodiment of the invention Wherein a radio 400 includes 
a ?rst section 402 and a ?ip section 404 having an L-shaped 
slot 406 that includes a diagonal slot extension 408. An 
additional series of experiments Was conducted to determine 
Whether the slot extension 408 located at the knee (at the 
intersection of the short and long arm) of the L shaped slot 
406 might alloW independent tuning of one resonance by 
altering its corresponding path length independently of the 
other. 

[0028] In FIG. 5, there is shoWn a draWing of the slot 406 
having extension 408. The slot extension 408 has a length 
“e”; the slot 406 has a Width “t”, a long-arm length “h” and 
a short-arm length “W”. As the slot extension 408 is 
increased, current path L2 is lengthened, moving the loW 
band resonance doWn, While the L1 current path remains the 
same as the slot 108. The dimensions for the L shaped slot 
Were chosen based on the use of optimiZation exercises. As 
the slot extension length, e, Was increased from 7.5 mm to 
20.5 mm, the resonance Was tuned from 850 MHZ to 810 
MHZ as shoWn in FIG. 6. The small degree of frequency 
shift in response to the change in extension length, e, may be 
explained by realiZing that the associated path length Was 
located opposite to the antenna location and as a result, 
observed a loWer surface current density. Additionally, the 
path length increase due to the length of the extension 408 
is a smaller percentage of the total length When the metal 
liZation of the housing is considered along With the ?ip. 

[0029] In FIG. 6, there is shoWn a graph highlighting 
measured return loss versus frequency for different slot 
extension lengths, e, for the slot used in the radio telephone 
shoWn in FIG. 4. Graph line 602 shoWs the results for the 
no slot used situation, graph line 604 shoWs the results for 
an extension length e of 7.5 mm, graph line 606 shoWs the 
results for an extension length of 10.5 mm, graph line 608 
shoWs the results for an extension length of 20.5 mm and 
?nally, graph line 610 shoWs the results for an L shaped slot 
Without an extension (e=0 

[0030] A third set of simulations Was performed using a 
different slot extension as shoWn in FIG. 7. ShoWn in FIG. 
7, is a ?ip-phone having a metalliZed housing Which 
includes a slot 702 having a slot extension 704. The short 
arm of the slot is positioned at various heights along the long 
arm of the “L-like shaped” slot 702. As slot height h1, is 
decreased in length, the current path sees a shorter length in 
L1 and a someWhat longer length in L2 as shoWn in FIG. 8. 
This causes the high band resonance to be pushed up and the 
loW band resonance to be pushed doWn as shoWn in FIG. 9, 
thereby providing for dual tuning. 

[0031] In FIG. 9, the effects of using different slot heights, 
“h1” in slot 702, is highlighted. The slot height, “h2” 
increases in length as “h1” is decreased, this causing the 
short arm of the “L” shaped member (horiZontal arm as 
shoWn in FIG. 8) to move up and doWn along the long arm 



US 2005/0054399 A1 

(vertical long arm). Graph line 902 shows the results of 
using no slot 702 on radio 700. Graph line 904 highlights the 
results for a slot height, h1, of 50 mm, graph line 906 
highlights the results When using a slot height, h1, of 40 mm. 
Graph line 908 shoWs the results When using a slot height, 
h1, of 30 mm and ?nally, graph line 910 shoWs the results 
When using a slot height, h1, of 20 mm (h2=20 

[0032] Validation of the previously discussed simulation 
results Was performed using a prototype ?ip phone having a 
metalliZed housing. A contra-Wound, common fed, dual 
helical antenna Was utiliZed for the measurements and all 
measurements Were taken using 50 ohm source impedance. 
With the metal ?ip in the closed position, the antenna 
operates With a broad bandWidth of 40% at 1 GHZ as shoWn 
by graph line 1004 shoWn in FIG. 10. With the metal ?ip in 
the open position, and no slot present, the resonance is 
dramatically reduced as shoWn by the graph line 1002. With 
the metal ?ip in the open position, and the optimal inverted 
“L-like” slot present (similar to ?ip phone 100) the reso 
nance reappears With an appreciable bandWidth of 21% at 
1.1 GHZ as shoWn by graph line 1006. A 25 mm Width and 
5 mm height Was determined to be an optimal geometry With 
the given antenna location and a slot Width of 3 mm. 

[0033] The results of the simulations and prototyping 
indicate that presenting a slot to a metal ?ip may provide the 
necessary bandWidth enhancement to a de?cient antenna. As 
the large density of surface currents present on the metal ?ip 
requires acceptance of the housing as a signi?cant portion of 
the antenna assembly, it is only appropriate to include the 
mechanical and industrial design of the housing as part of 
the antenna engineering process. 

[0034] Although only a limited number of slot geometries 
Were discussed, it is clear that numerous unique geometries 
may be pursued as a means to ?nd a clear compromise 
betWeen antenna performance and industrial design integrity 
depending on a particular radio design. For eXample, slots 
having “J” shapes, “T” shapes, etc. can also be used. Also, 
although ?ip phones Were discussed, those of ordinary skill 
in the art Will appreciate that other radio communication 
device housing designs can also bene?t from the bandWidth 
enhancing bene?ts of the present invention. The invention is 
also not limited to cellular telephones but can be used With 
non-cellular radio communication devices and at other fre 
quencies than those discussed above. 

[0035] While the preferred embodiments of the invention 
have been illustrated and described, it Will be clear that the 
invention is not so limited. Numerous modi?cations, 
changes, variations, substitutions and equivalents Will occur 
to those skilled in the art Without departing from the present 
invention as de?ned by the appended claims. 

What is claimed is: 
1. A radio communication device, comprising: 

a metalliZed housing; 

an antenna coupled to the metalliZed housing; and 

the metalliZed housing includes a antenna bandWidth 
enhancing slot that at least increases the bandWidth of 
the antenna. 

2. A radio communication device as de?ned in claim 1, 
Wherein the metalliZed housing includes a ?ip section that 
can be placed in an open or closed position. 
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3. A radio communication device as de?ned in claim 2, 
Wherein the antenna bandWidth enhancing slot is located on 
the ?ip section. 

4. A radio communication device as de?ned in claim 1, 
Wherein the antenna bandWidth enhancing slot comprises a 
substantially “L” shaped slot. 

5. A radio communication device as de?ned in claim 4, 
Wherein the “L” shaped slot includes a slot extension. 

6. A radio communication device as de?ned in claim 1, 
Wherein the antenna bandWidth enhancing slot causes sur 
face currents located on the metalliZed housing to take 
multiple paths and thereby introduce multiple resonances. 

7. A radio communication device as de?ned in claim 6, 
Wherein the antenna comprises a helical and Whip combi 
nation. 

8. Aradio communication device as de?ned in 6, Wherein 
the antenna is electrically coupled to the metalliZed housing 
Which is grounded. 

9. Aradio communication device as de?ned in 1, Wherein 
the radio communication device comprises a cellular tele 
phone. 

10. A method for increasing the antenna bandWidth of an 
antenna found in a radio communication device, comprising 
the steps of: 

providing a metalliZed housing for the radio communica 
tion device; and 

placing a slot on the metalliZed housing in order to cause 
electrical currents ?oWing in the metalliZed housing to 
take different paths in order to at least increase the 
bandWidth of the antenna. 

11. A method as de?ned in claim 10, Wherein the slot 
placed on the metalliZed housing comprises a substantially 
“L” shaped slot. 

12. A method as de?ned in claim 11, Wherein the “L” 
shaped slot includes a slot eXtension. 

13. A method as de?ned in claim 10, Wherein the radio 
communication device comprises a cellular telephone and 
the metalliZed housing includes a ?ip section that can move 
betWeen an open position and a closed position. 

14. A method as de?ned in claim 13, Wherein the slot is 
located on the ?ip section. 

15. A method as de?ned in claim 14, Wherein a portion of 
the antenna is located eXternal to the metalliZed housing. 

16. A cellular telephone, comprising: 

an antenna; 

a metalliZed housing coupled to the antenna and having a 
movable section that can be placed in an open or closed 
position; and 

a slot located on the movable section, the slot causing any 
surface currents found on the metalliZed housing during 
operation of the antenna to take multiple electrical 
paths. 

17. A cellular telephone as de?ned in claim 16, Wherein 
the slot at least increases the bandWidth of the antenna. 

18. A cellular telephone as de?ned in claim 17, Wherein 
the slot comprises a substantially “L” shaped slot. 

19. A cellular telephone as de?ned in claim 16, Wherein 
the slot alloWs for at least tWo electrical paths for the surface 
currents to take. 

20. A cellular telephone as de?ned in claim 18, Wherein 
the “L” shaped slot has a short arm and a long arm and the 
short arm is located along the long arm’s length in such a 



US 2005/0054399 A1 

location along the length of the long arm that dual tuning of 
the antenna bandwidth can be achieved. 

21. A radio communication device, comprising: 

a electrically conductive housing; 

an antenna coupled to the conductive housing; and 

the conductive housing includes a slot that enhances the 
bandWidth of the antenna. 
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22. A radio communication device as de?ned in claim 21, 
Wherein the slot causes electrical currents that are generated 
When the antenna is transmitting electrical signals to folloW 
different paths having different lengths. 

23. A radio communication device as de?ned in claim 22, 
Wherein the different lengths the electrical currents have to 
take results in broader bandWidth for the antenna. 

* * * * * 


